Background: Despite recent decreases in the cost of sequencing, shotgun metagenome 9 sequencing remains more expensive compared with 16S rRNA amplicon sequencing. 10
Introduction

36
Recent advances in next generation sequencing are revolutionizing our understanding of 37 complex microbial communities. Amplicon sequencing of marker genes provides 38 information regarding the phylogenetic diversity and taxonomic composition of 39 microorganisms present in the environment, while shotgun metagenome sequencing 40 provides additional information on the relative abundance of functional genes. Although 41 knowledge of taxonomy and functional genes of microorganisms are both important, 42 functional genes are more directly related to pathways and therefore are essential for 43 understanding the roles microorganisms play with regards to different physiological or 44 ecological outcomes. However, the higher cost of metagenome sequencing hinders its 45 application in studies consisting of a large number of samples, which are usually 46 9 inference-based approach also has the advantage of reflecting the common use of 185 PICRUSt to reveal predicted functional profiles associated with different metadata 186 categories [11, 12, [21] [22] [23] . Incorrect estimation of differential abundance could lead to 187 false discovery of signature genes, and this concern motivated our approach to determine 188 the reliability of PICRUSt produced inference in different systems. 189 190 In this study, we selected 7 datasets from different environments which include human, 191 non-human animal and environmental (soil) samples. With inference methods, we found 192 that PICRUSt and metagenome sequencing had more consistent assessment from human 193 datasets than non-human animals or environmental datasets. It is likely that these 194 differences reflected the bias of genome databases towards human-related 195 microorganisms. However, PICRUSt still missed a large percentage of genes that were 196 detected with metagenome sequencing in human samples, and an increase in metagenome 197 sequencing depth could presumably increase the number of genes that are potentially not 198 detected by PICRUSt ( Fig. 3 ; Table S1 ). Likewise, PICRUSt sometimes predicted many 199 genes not found in metagenome sequencing even in samples with presumably adequate 200 sequencing depth of millions of reads per sample, which suggested that these additional 201 genes are likely false predictions. 202 203 As a meta-analysis across multiple studies, there are systemic factors that may influence 204 the results of this study, including different sample sizes, sequencing designs and effect 205 sizes of associations with the metadata. We repeated our analysis on subsampled datasets 206 that were rarified to the number of samples in the smallest dataset that we examined and 207 12 sizes and effect sizes (measured as R 2 in the PERMANOVA test with the function 254 'adonis' in the R package 'vegan') for each study are listed in Table S1 . 255
256
The PICRUSt predictions of the 16S rRNA sequences in the datasets followed the 257 developer's instructions [4] . The authors' metagenome analysis results were used when 258 available [29, 31, 33, 34] , otherwise the raw sequences were analyzed with humann2 259 following the developer's instructions [35] . In each dataset, all PICRUSt-predicted gene 260 families and pathways were compared to those from metagenome sequencing to 261 determine their discrepancy in the number and types of genes revealed. For genes 262 detected by both PICRUSt and metagenome sequencing, we used two sets of methods to 263 evaluate their consistency. In a first set of methods, we analyzed the Spearman 264 correlation between PICRUSt-predicted gene composition and those from metagenome 265 sequencing. As a control, we permuted the sample labels 100 times and re-calculated 266 Spearman correlation between PICRUSt estimates and metagenome sequencing estimates 267 with sample labels shuffled. 268
269
In a second set of methods, we analyzed the consistency of PICRUSt and metagenome 270 sequencing in the P-values they generated for null hypotheses of no association with 271 metadata. For this purpose, P-values were produced with a t-test of the 2 distinguishable 272 groups in each dataset (Table S1 ). P-values from the t-test were log10 transformed and 273 multiplied by either 1 or -1 to include the direction of change as indicated below: 274 13 P_t is the transformed P-value, P is the P-value from t test, and t is the statistic of t-test. 276 We then estimated the consistency of the log-transformed P-values from PICRUSt and 277 metagenome sequencing with Spearman's correlation. To determine whether this method 278 is affected by the low variance of functional profiles, we permuted sample labels of the 279 metagenome sequencing gene compositions 100 times and re-calculated the log-280 transformed P-values and their correlation with the PICRUSt results. 281 282 In order to correct for differences in sample size, each dataset was also subsampled to 5 283 samples per group to ensure that the different sample sizes of datasets were not unduly 284 influencing our results. The PICRUSt predictions and metagenome sequencing were also 285 compared in each of the 48 level 2 functional categories. 286 287 Declarations 288
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